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sUMMarY: The epiphyte load on the leaves of the seagrass Posidonia oceanica (L.) delile was estimated at the end of 
summer in three sites and two depths (7 m and 17 m) of the cabrera archipelago national Park (Balearic islands, Western 
Mediterranean) from 2004 to 2006 to evaluate if epiphyte load could be used as an indicator of anthropogenic nutrient 
loading in the shallow marine ecosystems of the park. asymmetrical anova was used to divide data variability into two 
components: the contrast between the site receiving direct anthropogenic inputs of nutrients and organic matter (es Port) 
and the two control sites (cala santa María, es Burri); and the variability between the control sites. The nitrogen concentra-
tion in P. oceanica leaves was higher in es Port than in cala santa María and es Burri but only at 7 m depth. There was no 
difference between the epiphyte load on P. oceanica shoots in es Port and the sites without inputs at both 7 m and 17 m. 
However, the epiphyte load in es Burri was higher than that in cala santa María at both depths. The results show that the 
epiphyte load on P. oceanica shoots was not a sensitive indicator of anthropogenic nutrient and organic matter loading in 
cabrera archipelago national Park. 
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resUMen: La biomasa de epífitos de la angiosperma marina Posidonia oceanica (L.) Delile no es indicadora 
de aportes antropogénicos de nutrientes en el Parque Nacional Archipiélago de Cabrera (Islas Baleares, 
Mediterráneo Occidental). – La biomasa de epífitos y el contenido en cenizas de los mismos, la biomasa foliar del haz, 
el contenido en nitrógeno de las hojas y la densidad de haces de la angiosperma marina Posidonia oceanica (L.) delile se 
midieron en tres localidades y a dos profundidades (7 m, 17 m) del Parque nacional archipiélago de cabrera (islas Baleares, 
Mediterráneo occidental) en los meses de septiembre del período 2004-2006 para evaluar el valor de la biomasa de epífitos 
como indicador de aportes antropogénicos de nutrientes a los ecosistemas del Parque. La variabilidad total de los datos se 
repartió por medio de un anova asimétrico en dos componentes: el contraste entre la localidad receptora de aportes antro-
pogénicos de nutrientes y materia orgánica (es Port) y dos localidades control (cala santa María, es Burri) por un lado, y la 
variabilidad entre las dos localidades control por otro. La concentración de nitrógeno en las hojas de P. oceanica fue superior 
en es Port que en cala santa María y en es Burri, pero sólo a la profundidad de 7 m. La biomasa de epífitos sobre las hojas 
de P. oceanica fue similar en es Port y en las dos localidades control tanto a 7 m como a 17 m de profundidad. sin embargo, 
la biomasa de epífitos en es Burri fue superior a la de cala santa María en las dos profundidades estudiadas. Los resultados 
obtenidos muestran que la biomasa de epífitos sobre las hojas de P. oceanica no es un buen indicador de los aportes antropo-
génicos de nutrientes y materia orgánica en los ecosistemas costeros del Parque nacional archipiélago de cabrera.
Palabras clave: angiospermas marinas, epífitos, aportes de nutrientes, Posidonia oceanica, Mediterráneo occidental.
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inTrodUcTion
seagrasses are the main plant group able to grow 
in unconsolidated substrata. They represent the main 
“hard substratum” in shallow sedimentary marine 
environments. seagrasses support a species-rich 
community of epiphytic organisms composed of 
procariots and eucariotic micro- and macro-organ-
isms (Borowiztka et al., 2006). compared to sea-
grasses the epiphytic community has a low biomass 
but its primary productivity can be of the same 
order of magnitude (Borowiztka and Lethbridge, 
1989; Borowiztka et al., 2006). Therefore, seagrass 
epiphytes can make a significant contribution to the 
flow of carbon and nutrients through the community 
(Young et al., 2005; Borowiztka et al., 2006; Lep-
oint et al., 2007).
nutrient availability has been considered to be 
a main source of variability in epiphyte biomass in 
seagrass communities (Borum, 1985; Tomasko and 
Lapointe, 1991; Frankovich and Fourqurean, 1997; 
Lapointe et al., 2004), and epiphyte overgrowth an in-
dicator of anthropogenic nutrient loading and a driv-
er of seagrass loss (Tomasko et al., 1996; Tomasko 
and Lapointe, 1991; Wear et al., 1999; Lapointe et 
al., 2004; ralph et al., 2006). However, mesocosm 
and in situ experiments show that low light and her-
bivory may hinder the development of epiphytes on 
seagrass leaves and uncouple epiphyte loads from 
nutrient availability (Tomasko and Lapointe, 1991; 
neckles et al., 1993; Williams and ruckelshaus, 
1993; Heck et al., 2000). although point sources of 
nutrients in Florida Bay were clearly associated with 
epiphytic overgrowth, the epiphyte load on seagrass 
leaves was weakly correlated to nutrient availability 
at the scale of the entire bay (Frankovich and Four-
qurean, 1997).
Posidonia oceanica (L.) delile is the main sea-
grass in the Mediterranean and provides substratum 
to a species-rich epiphytic community (Ballesteros, 
1987; Mazzella et al., 1989), which achieves maxi-
mum biomass between the end of spring and the 
end of summer (Ballesteros, 1987; romero, 1988). 
The summer epiphytic community represents the 
last stage of its seasonal development and is domi-
nated by encrusting corallinaceae and opportunistic 
macroalgal species which can reach high cover (Bal-
lesteros, 1987; romero, 1988). nutrient-addition 
experiments have shown that during summer the P. 
oceanica epiphytic community responds to the rise 
in the availability of nutrients with an increase in the 
biomass of macroalgae, while the length of P. oce-
anica leaves and the size of shoots decrease (Leoni et 
al., 2006; Prado, 2006). summer appears, therefore, 
to be a sensitive season when nutrient loads may 
promote the development of macroalgal epiphytes 
and affect P. oceanica negatively. similar to other 
seagrasses, low light availability (ruiz and romero, 
2001) and herbivory (alcoverro et al., 1997; ruiz et 
al., 2001; Tomás et al., 2005) may hinder the devel-
opment of epiphytes on P. oceanica leaves.
We estimated the epiphyte load on the leaves of 
Posidonia oceanica at the end of summer in three 
sites of cabrera archipelago national Park (Bal-
earic islands, western Mediterranean) to evaluate if 
epiphyte load could be used as an indicator of an-
thropogenic nutrient loading in the shallow marine 
ecosystems of the park. We expected that epiphyte 
load would be higher at the site where the park fa-
cilities are located and which receives tourist and 
boat visits than at the other two sites where there is 
no resident human population and access to tourists 
and boats is not permitted.
MaTeriaL and MeTHods
The cabrera archipelago is located 9 km south 
of Mallorca (Balearic islands, western Mediter-
ranean) and is composed of a main island, cabre-
ra (11.5 km2), and 18 additional smaller islands 
(servera, 1993). except for the period from 1809 
to 1814, when cabrera was a spanish army prison 
camp which received around 9000 people (cumula-
tive), the human population inhabiting the archipel-
ago has always been low (<40 persons, Frontera et 
al., 1993). The archipelago was declared a national 
park in 1991 and since then boat access has been 
limited and restricted to the sheltered bay of es Port 
in cabrera island. There are Posidonia oceanica 
meadows inside all cabrera island bays and around 
the smaller islands towards the ne to a maximum 
depth of 35 m (Ballesteros et al., 1993). es Port is 
the only bay that receives direct inputs of nutrients 
and organic matter from the resident population and 
park visitors.
The study was performed in september of 2004, 
2005 and 2006, which is the time of year when the 
Posidonia oceanica epiphytic community reaches 
its maximum seasonal development (Ballesteros, 
1987; romero, 1988), and when the anthropogenic 
nutrient loads and the magnitude of the response of 
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the epiphytic community to them are assumed to be 
maximal. We chose three sites which are all located 
in cabrera island: es Port (eP), cala santa María 
(sM), and L’olla-es Burri (eB). The P. oceanica 
meadow in sM is in good condition in terms of veg-
etative growth and shoot demography while that in 
eP is in decline (Marbà et al., 2002). The content 
of organic matter, the rate of sulphate reduction, 
and the total pool of reduced sulfides are higher in 
eP sediments than in sM sediments (Holmer et al., 
2003). The residence time of water in eP and sM 
is 11 days and 4 days respectively. This difference, 
together with the high anthropogenic loading of or-
ganic matter and nutrients in eP compared to sM, is 
considered to be the cause of the different statuses of 
P. oceanica in the two sites (Marbà et al., 2002). eB 
is an open bay similar to sM but it faces to the south 
east and has no direct anthropogenic inputs of nutri-
ents and organic matter. given that both the epiphyte 
load and its timing change with depth (Ballesteros, 
1987; romero, 1988; Mazzella et al., 1989; Lepoint 
et al., 1999) we selected two depths (7 m and 17 m) at 
each of the three sites to perform the study. six sam-
pling stations were then selected: eP7 (39º8.687’n, 
2º55.920’e), eP17 (39º8.810’n, 2º55.860’e), sM7 
(39º9.005’n, 2º56.964’e), sM17 (39º9.156’n, 
2º56.891’e), eB7 (39º8.971’n, 2º57.859’e), and 
eB17 (39º8.888’n, 2º57.929’e).
The density of Posidonia oceanica shoots was 
estimated from the counts of the number of shoots 
present inside 400 cm2 quadrats haphazardly placed 
inside the meadow. The number of quadrats counted 
in each site, depth and year varied between 5 and 
15. The high variability of the shoot counts led us 
to pool the data obtained during the three years to 
increase the number of replicates (24 ≤ n ≤ 37). no 
sea urchins were observed at any of the stations dur-
ing the 2004 and 2005 samplings. in 2006 we esti-
mated the density of sea urchins by counting the sea 
urchins inside forty 2500 cm2 quadrats haphazardly 
placed inside the P. oceanica meadow at each of the 
sampling stations; no sea urchins were found in any 
of the quadrats.
Five Posidonia oceanica shoots were haphazard-
ly collected along each of two 10 m long transects, 
which were 30 m apart, in order to estimate the leaf 
shoot mass and the epiphyte load of the shoots (n 
= 10) at each station and sampling event. The epi-
phytes in all the leaves of each shoot were scraped 
using a razor blade and collected in pre-weighed 
Whatman gF/c glass fibre filters which were dried 
(60ºc, 48 h) to estimate their dry weight. The leaves 
were then dried (60ºc, 48 h) to estimate the mass 
of each shoot. epiphyte load was calculated as the 
biomass of epiphytes in the leaf shoot divided by the 
biomass of the leaf shoot (mg epiphyte dW g-1 leaf 
dW). The dried epiphytes of 6 out of the 10 shoots 
collected at each station and sampling event were 
burned (450ºc, 6 h) to determine their ash content. 
similarly, a sub-sample of dried leaves of 6 out of 
the 10 shoots collected at each station and sampling 
event was used to determine the concentration of ni-
trogen in the leaves using a cnH elemental analyser. 
We determined the ash content of the epiphytes to 
evaluate if there were major differences in the pro-
portion of encrusting coralline to filamentous algae 
in the epiphytic community in the different study 
sites. The nitrogen concentration in P. oceanica 
leaves was used as a relative indicator of nitrogen 
and nutrient loads available to them.
asymmetrical analysis of variance (pp. 415-
418, Underwood, 1997) was used to evaluate if 
leaf nitrogen, shoot density, leaf shoot biomass, 
epiphyte load, and the ash content of the epiphytes 
were different between the anthropogenically dis-
turbed site (es Port) and the two control sites (cala 
santa María, es Burri) during the three-year study 
period. asymmetrical anova divided the vari-
ability of the whole dataset into two components: 
the contrast between the disturbed site and the two 
control sites (fixed factor), and the variability be-
tween the control sites (random factor, nested in 
the control level). except for leaf nitrogen, co-
chran’s c tests indicated that the data needed to 
be transformed to homogenise the variances be-
fore performing anovas. The statistical analy-
ses were performed using sTaTisTica software 
(statsoft, inc., 2005).
resULTs
The density of Posidonia oceanica shoots at 7 m 
depth was twice that at 17 m depth (Fig. 1). shoot 
density at the 7 m depth was higher in sM (726 ± 
48 shoots m-2, mean ± 1 standard error) than in eB 
(501 ± 34 shoots m-2) but no significant difference 
was found between these two control sites and eP 
(538 ± 36 shoots m-2). shoot density at 17 m depth 
varied between 245 ± 16 shoots m-2 in eP and 312 ± 
22 shoots m-2 in sM; there were no significant differ-
ences between the sites (Table 1).
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The concentration of nitrogen in the leaves of Posi-
donia oceanica ranged between 0.7 ± 0.03% of leaf 
dry weight (dW) in eP17 in 2004 and 1.3 ± 0.03% 
of leaf dW in eP7 in 2005 (Fig. 2). Leaf nitrogen 
was higher in the disturbed site (eP: 1.0% to 1.3% of 
leaf dW) than in the other two sites (sM, eB: 0.8% 
to 1.0% of leaf dW) at 7 m depth (Table 1); no dif-
ferences were detected, however, between any of the 
sites at 17 m depth (0.7% to 1.0% of leaf dW).
Leaf shoot biomass of Posidonia oceanica was 
lower in eP (from 0.40 ± 0.07 g dW shoot-1 to 0.49 
± 0.05 g dW shoot-1) than in sM (from 0.58 ± 0.05 
g dW shoot-1 to 0.84 ± 0.12 g dW shoot-1) and eB 
(from 0.51 ± 0.07 g dW shoot-1 to 0.80 ± 0.11 g dW 
shoot-1) at both depths, 7 m and 17 m (Fig. 2). no 
significant differences were found in the leaf shoot 
biomass between the two control sites at any of the 
depths (Table 1).
The epiphyte load on Posidonia oceanica leaves 
varied between 115 ± 18 mg epiphyte dW g-1 leaf 
dW in sM17 in 2005 and 500 ± 177 mg epiphyte 
dW g-1 leaf dW in eB7 in 2006 (Fig. 2). epiphyte 
load in eP was not different (from 134 ± 23 mg epi-
phyte dW g-1 leaf dW to 365 ± 32 mg epiphyte dW 
g-1 leaf dW) from that in the control sites both at 7 m 
depth and 17 m depth. However, the epiphyte load in 
eB (from 244 ± 52 mg epiphyte dW g-1 leaf dW to 
500 ± 177 mg epiphyte dW g-1 leaf dW) was higher 
than that in sM (from 115 ± 18 mg epiphyte dW g-1 
leaf dW to 198 ± 25 mg epiphyte dW g-1 leaf dW) 
at both depths (Fig. 2, Table 1).
The concentration of ash in leaf epiphytes ranged 
from 81.8 ± 1.4% of epiphyte dW in eB7 in 2005 to 
88.3 ± 0.9% of epiphyte dW in eP17 in 2004 (Fig. 
1). similarly to epiphyte load, the ash content of the 
epiphytes was not different between eP (from 84.1 
Table 1. – results of an asymmetrical analysis of variance to evaluate if leaf nitrogen, shoot density, leaf shoot biomass, epiphyte load, and 
the ash content of the epiphytes were different in a disturbed site (es Port) and two control sites (cala santa María, es Burri) at two depths (7 
m, 17 m) in cabrera archipelago national Park (spain) from 2004 to 2006. dW: dry weight. significant sources of variation are indicated by 
asterisks:**, P <0.05; ***, P <0.005. §data were loge-transformed. #data were arcsin-transformed.
  depth = 7 m   depth = 17 m   
 source of variation ss d.f. Ms F ss d.f. Ms F
Leaf nitrogen disturbed vs. control = d 0.6769 1 0.6769 22.1*** 0.0208 1 0.0208 1.0
(% leaf dW) sites (d) 0.0306 1 0.0306 0.9 0.0205 1 0.0205 1.1
 residual 1.7178 51 0.0337  0.9427 51 0.0185 
 Total 2.4253 53   0.9841 53  
shoot density§ disturbed vs. control = d 0.222 1 0.222 0.1 0.299 1 0.299 2.9
(shoots m-2) sites (d) 2.045 1 2.045 12.5*** 0.100 1 0.100 0.4
 residual 15.440 94 0.164  23.484 91 0.258 
 Total 17.719 96   23.893 93  
Leaf shoot biomass§ disturbed vs. control = d 3.6270 1 3.6270 153.5*** 2.2502 1 2.2502 29.3***
(g dW shoot-1) sites (d) 0.0236 1 0.0236 0.1 0.0766 1 0.0766 0.5
 residual 18.4469 87 0.2120  11.9812 87 0.1377 
 Total 22.0975 89   14.3080 89  
epiphyte load§ disturbed vs. control = d 0.3375 1 0.3375 0.05 0.2053 1 0.2053 0.02
(mg epiphyte dW g-1 sites (d) 7.1206 1 7.1206 34.6*** 8.8041 1 8.8041 33.2***
leaf dW) residual 17.9185 87 0.2060  23.0821 87 0.2653 
 Total 25.3765 89   32.0916 89  
epiphyte ash# disturbed vs. control = d 0.0084 1 0.0084 0.5 0.0042 1 0.0042 0.2
(%  epiphyte dW) sites (d) 0.0180 1 0.0180 7.7** 0.0199 1 0.0199 9.6**
 residual 0.1188 51 0.0023  0.1056 51 0.0021 
 Total 0.1452 53   0.1297 53
Fig. 1. – shoot density (shoots m-2) of Posidonia oceanica at three 
sites (eP: es Port; sM: cala santa María; eB: es Burri) and two 
depths (7 m, 17 m) in each site in cabrera archipelago national 
Park (Balearic islands, Western Mediterranean) in 2004-2006. error 
bars represent +1se.
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± 1.3% of epiphyte dW to 88.3 ± 0.9% of epiphyte 
dW) and the two control sites (Table 1) but it was 
lower in eB (from 81.8 ± 1.4% of epiphyte dW to 
85.3 ± 2.1% of epiphyte dW) than in sM (from 84.6 
± 1.6% of epiphyte dW to 88.1 ± 1.1% of epiphyte 
dW) at both depths.
discUssion
anthropogenic inputs of nutrients and organic 
matter in cabrera archipelago national Park seem 
to increase the nitrogen availability at shallow 
depths only. That there was no difference between 
the epiphyte load on Posidonia oceanica leaves at 
7 m depth at the disturbed site and the two control 
sites suggests that epiphyte load is not a good indi-
cator of anthropogenic nutrient inputs in the park. 
This result is consistent with previous studies (Piazzi 
et al., 2004), which showed that the epiphytic cover 
of P. oceanica shoots was the same in locations af-
fected and unaffected by chemical factories and ur-
ban waste. The low biomass of P. oceanica shoots 
in es Port, compared to that in cala santa María and 
es Burri, cannot be attributed therefore to nutrient-
driven epiphytic overgrowth. The nitrogen content 
of P. oceanica leaves at this depth was, however, a 
sensitive indicator of anthropogenic nutrient inputs 
in the park. The value of seagrass leaf nitrogen as 
an indicator of anthropogenic nitrogen loading in the 
coastal zone has been demonstrated in other loca-
tions (Mcclelland and valiela, 1998; Lepoint et al., 
2008). 
direct anthropogenic inputs of nutrients and or-
ganic matter in cabrera archipelago national Park 
do not increase the availability of nitrogen at 17 m 
depth and do not promote the accumulation of epi-
phytic biomass on Posidonia oceanica shoots at this 
Fig. 2. – concentration of nitrogen in the leaves (as percentage of leaf dry weight, dW), leaf shoot biomass (g dW shoot-1), epiphyte load (mg 
epiphyte dW g-1 leaf dW), and the ash content of leaf epiphytes (as percentage of epiphyte dW) of Posidonia oceanica at three sites (eP: es 
Port; sM: cala santa María; eB: es Burri), two depths (7 m, 17 m) in each site, and three years (2004, 2005, 2006) in cabrera archipelago 
national Park (Balearic islands, Western Mediterranean). error bars represent +1se.
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depth. However, similarly to what was found at 7 
m depth, the biomass of P. oceanica shoots at 17 m 
depth was lower in es Port than in the control sites. 
This result supports the contention that the com-
paratively low biomass of P. oceanica shoots in es 
Port cannot be attributed to nutrient-driven epiphytic 
overgrowth. Previous assessments of the status of P. 
oceanica in the park showed that leaf production and 
the net recruitment of shoots are lower in es Port than 
in cala santa María (Marbà et al., 2002). However, 
we did not find differences in shoot density between 
es Port and the control sites. organic matter load-
ing and sulphide accumulation in the sediment have 
been suggested to be responsible for the differences 
in vegetative development of P. oceanica in es Port 
and cala santa María (Marbà et al., 2002). 
Leaf nitrogen and leaf shoot biomass were not 
different between es Burri and cala santa María, 
the two control sites that do not receive direct an-
thropogenic inputs of nutrients and organic matter. 
However, the epiphyte load was higher in es Burri 
than in cala santa María, which once again suggests 
that the epiphyte load on Posidonia oceanica leaves 
in cabrera archipelago national Park is not driven 
by anthropogenic nutrient loading. The epiphytic 
community in es Burri might be different from that 
in cala santa María, as a lower ash content of the 
epiphytes in es Burri suggests that the proportion of 
encrusting corallines in the epiphytic community at 
this site is lower than that in cala santa María. There 
seemed to be more red macroalgae Lophocladia la-
llemandii (Montagne) F. schmitz in the Posidonia 
oceanica epiphytic community in es Burri than in 
cala santa María and es Port (personal observation) 
and this probably contributed significantly to the epi-
phyte load of P. oceanica at that site. L. lallemandi is 
considered an invasive species in the western Medi-
terranean (Boudouresque and verlaque, 2002) and 
has spread over several areas in the Balearic islands 
(Patzner, 1998; Ballesteros, 2006). L. lallemandii is 
able to invade healthy P. oceanica meadows and its 
presence is associated with reductions in the size of 
P. oceanica shoots, the sucrose content of the rhi-
zome, and the percentage of living shoots (Balles-
teros et al., 2007). a high presence of L. lallemandii 
in the epiphytic community of P. oceanica would 
be, if confirmed by further studies, a matter of great 
concern for the fate of this seagrass species in ca-
brera archipelago national Park.
correlative (alcoverro et al., 1997; ruiz et al., 
2001) and experimental (Tomás et al., 2005) evi-
dences show that herbivores may hinder the develop-
ment of epiphytes on P. oceanica leaves. sea urchin 
grazing seems to be more important than fish grazing 
in controlling the biomass of P. oceanica epiphytes 
(Tomás et al., 2005). We did not assess differences 
in herbivore pressure between our study sites but sea 
urchins were not found at any of the sampling events. 
although we cannot exclude the possibility that the 
differences in epiphyte load between the study sites 
might be driven by differences in fish grazing, we do 
not consider that herbivory contributed significantly 
to the between-site variability of epiphyte load.
The size of Posidonia oceanica shoots has also 
been suggested to significantly contribute to be-
tween-site variability of epiphyte load (alcoverro et 
al., 1997). our results do not support this contention 
because (1) significant differences in leaf shoot bio-
mass between the disturbed and control sites were 
not associated with differences in epiphyte load 
between these sites, and (2) significant differences 
in epiphyte load between the control sites were not 
associated with significant differences in leaf shoot 
biomass.
exposure to waves and currents is considered to 
have a negative effect on the accumulation of epi-
phyte biomass on seagrass leaves (Borowitzka et 
al., 2006) and it might contribute to between-site 
variability of epiphyte load on Posidonia oceanica 
shoots in cabrera archipelago national Park. Leaf 
movement has a strong negative effect on the bio-
mass of epiphytic algae on Posidonia sinuosa cam-
bridge and kuo shoots (Lavery et al., 2007). Both 
cala santa María and es Port face the north but the 
mouth of the latter is much smaller than that of the 
former, which makes es Port a more sheltered site 
than cala santa María. indeed, es Port bay is the 
only site within cabrera island that has been used as 
a harbour. The two control sites, cala santa María 
and es Burri, are open bays which are more exposed 
to waves than es Port. if wave exposure significantly 
(and negatively) contributed to the accumulation of 
epiphyte biomass on P. oceanica shoots in the study 
sites we would expect that the epiphyte load would 
be higher in es Port than in the control sites. Howev-
er, we found no difference in epiphyte load between 
es Port and cala santa María and es Burri at both 7 
m and 17 m depths. Tethered (i.e., motionless) and 
un-tethered (i.e., mobile) leaves of P. sinuosa accu-
mulated the same amount of epiphyte biomass after 
eight weeks in locations with very different degrees 
of wave exposure (Lavery et al., 2007). Whether dif-
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ferences in epiphyte load between cala santa María 
and es Burri are driven by differences in wave ex-
posure in the two bays is a question that requires ad-
ditional studies.
in summary, between-site variability of epiphyte 
load on Posidonia oceanica shoots in the cabrera 
archipelago national Park might be determined by 
differences in species composition of the epiphytic 
community, herbivore pressure or wave exposure but 
our results show that differences in nutrient avail-
ability do not make a significant contribution to  this 
variability. Hence, epiphyte load was not a sensitive 
indicator of anthropogenic nutrient and organic mat-
ter loading within the park.
acknoWLedgeMenTs
F. J. Medina-Pons was supported by a Phd grant 
(FPi05) of govern de les illes Balears and by the eU-
funded “Thresholds” integrated Project. research 
funds were provided by the spanish Ministry of the 
environment, project 055/2002, and by the govern 
de les illes Balears, UgiZc project. We thank sal-
vador Martínez Llobet and inés castejón silvo for 
their help during the laboratory and fieldwork, and 
Miquel ribas-carbó (department of Biology, Uni-
versity of the Balearic islands) for facilitating the 
use of the mill. We also thank the comments of the 
reviewers which improved the manuscript greatly.
reFerences
alcoverro, T., c.M. duarte and J. romero. – 1997. The influence 
of herbivores on Posidonia oceanica epiphytes. aquat. Bot., 56: 
93-104.
Ballesteros, e. – 1987. estructura i dinamica del poblament algal de 
les fulles de Posidonia oceanica (L.) delile als herbeis de Tossa 
de Mar (girona). Bullt. inst. cat. Hist. nat., 54: 13-30.
Ballesteros, e., M. Zabala, M. J. Uriz, a. garcía rubies and X. 
Turón. – 1993. el Bentos: les comunitats. in: J.a. alcover, 
e. Ballesteros and J.J. Fornós (eds.), Història natural de 
l’arxipèlag de cabrera, pp. 687-730. csic-editorial Moll, 
Palma de Mallorca.
Ballesteros, e. – 2006. Mediterranean coralligenous assemblages: 
a synthesis of present knowledge. oceanog. Mar. Biol., 44: 
123-195.
Ballesteros, e., e. cebrián and T. alcoverro. – 2007. Mortality of 
shoots of Posidonia oceanica following meadow invasion by 
the red alga Lophocladia lallemandii. Bot. Mar., 50: 8-13.
Borowitzka, M.a. and r.c. Lethbridge. – 1989. seagrass epiphytes. 
in: a. W. d. Larkum, a. J. Mccomb and s.a. shepherd (eds.), 
Biology of seagrasses, pp. 458-499. elsevier, amsterdam.
Borowitzka, M.a., P.s. Lavery and M. van keulen. – 2006. epi-
phytes of seagrasses. in: a.W.d. Larkum, r.J. orth and c.M. 
duarte (eds.), seagrasses: Biology, ecology and conservation, 
pp. 463-501. springer, dordrecht.
Borum, J. – 1985. development of epiphytic communities on eel-
grass (Zostera marina) along a nutrient gradient in a danish 
estuary. Mar. Biol., 87: 211-218.
Boudouresque, c.F. and M. verlaque. – 2002. Biological pollution 
in the Mediterranean sea: invasive versus introduced macro-
phytes. Mar. Pollut. Bull., 44: 32-38.
Frankovich, T.a. and J.W. Fourqurean. – 1997. seagrass epiphyte 
loads along a nutrient availability gradient, Florida Bay, Usa. 
Mar. ecol. Prog. ser., 159: 37-50.
Frontera, M., a. Font, v. Forteza and P. Tomàs. – 1993. Home 
i natura: els usos tradicionals del sòl i la pesca. in: J.a. al-
cover, e. Ballesteros and J.J. Fornós (eds.), Història natural 
de l’arxipèlag de cabrera, pp. 749-762. csic-editorial Moll, 
Palma de Mallorca.
Heck, k.L., J.r. Pennock, J.F. valentine, L.d. coen and s.a. skle-
nar. – 2000. effects of nutrient enrichment and small predator 
density on seagrass ecosystems: an experimental assessment. 
Limnol. oceanogr., 45: 1041-1057.
Holmer, M., c.M. duarte and n. Marbà. – 2003. sulfur cycling and 
seagrass (Posidonia oceanica) status in carbonate sediments. 
Biogeochemistry, 66: 223-239.
Lapointe, B.e., P.J. Barile and W.r. Matzie. – 2004. anthropogenic 
nutrient enrichment of seagrass and coral reef communities in 
the Lower Florida keys: discrimination of local versus regional 
nitrogen sources. J. exp. Mar. Biol. ecol., 308: 23-58.
Leoni, v., v. Pasqualini, c. Pergent-Martini, a. vela and g. Per-
gent. – 2006. Morphological responses of Posidonia oceanica 
to experimental nutrient enrichment of the canopy water. J. exp. 
Mar. Biol. ecol., 339: 1-14.
Lepoint, g., J. Jacquemart, J.M. Bouquegneau, v. demoulin and s. 
gobert. – 2007. Field measurements of inorganic nitrogen up-
take by epiflora components of the seagrass Posidonia oceanica 
(Monocotyledons, Posidoniaceae). J. Phycol., 43: 208-218.
Lepoint, g., B. Frédérich, s. gobert and e. Parmentier. – 2008. 
isotopic ratios and elemental contents as indicators of seagrass 
c processing and sewage influence in a tropical macrotidal 
ecosystem (Madagascar, Mozambique channel). sci. Mar., 72: 
109-117.
Marbà, n., c.M. duarte, M. Holmer, r. Martínez, g. Bastarretxea, 
a. orfila, a. Jordi and J. Tintoré. – 2002. effectiveness of pro-
tection of seagrass (Posidonia oceanica) populations in cabrera 
national Park (spain). environ. conserv., 29: 509-518.
Mazzella, L., M.B. scipione and M.c. Buia. – 1989. spatio-tempo-
ral distribution of algal and animal communities in a Posidonia 
oceanica meadow. Mar. ecol. evol. Persp., 10: 107-129.
Mcclelland, J.W. and i. valiela. – 1998. Linking nitrogen in estua-
rine producers to land-derived sources. Limnol. oceanog., 43: 
577-585.
neckles, H.a., r.L. Wetzel and r. J. orth. – 1993. relative effects 
of nutrient enrichment and grazing on epiphyte- macrophyte 
(Zostera marina L.) dynamics. oecologia, 93: 285-295.
Patzner, r.a. – 1998. The invasion of Lophocladia (rhodomelaceae 
Lophotalieae) at the northern coast of ibiza (western Mediter-
ranean sea). Boll. soc. Hist. nat. Balears, 41: 75-80.
Piazzi, L., d. Balata, F. cinelli and L. Benedetti-cechi. – 2004. Pat-
terns of spatial variability in epiphytes of Posidonia oceanica 
differences between a disturbed and two reference locations. 
aquat. Bot., 79:345-356.
Prado, P. – 2006. Magnitude of herbivory in Posidonia oceanica 
(L.) delile and factors responsible for spatial variation. Ph. d. 
thesis, Univ. Barcelona.
ralph, P.J., d.a. Tomasko, k.a. Moore, s. seddon and c.M.o. 
Macinnis-ng. – 2006. Human impacts on seagrasses: eutrophi-
cation, sedimentation and contamination. in: a.W. d. Larkum, 
r.J. orth and c.M. duarte (eds.), seagrasses: Biology, ecology 
and conservation, pp. 567-593. springer, dordrecht.
romero, J. – 1988. epífitos de las hojas de Posidonia oceanica: 
variaciones estacionales y batimétricas de biomasa en la pradera 
de las islas Medes (girona). oecol. aquat. , 9: 19-25.
ruiz, J.M. and J. romero. – 2001. effects of in situ experimental 
shading on the Mediterranean seagrass Posidonia oceanica. 
Mar. ecol. Prog. ser., 215: 107-120.
ruiz, J.M., M. Pérez and J. romero. – 2001. effects of fish farm 
loadings on seagrass (Posidonia oceanica) distribution, growth 
and photosynthesis. Mar. Pollut. Bull., 42: 749-760.
servera, J. – 1993. generalitats fisiogràfiques. in: J.a. alcover, 
e. Ballesteros and J.J. Fornós (eds.), Història natural de 
l’arxipèlag de cabrera, pp. 25-32. csic-editorial Moll, Palma 
de Mallorca.
510 • J. Terrados and  F.J. Medina Pons
sci. Mar., 72(3), september 2008, 503-510. issn 0214-8358
statsoft, inc. – 2005. sTaTisTica (data analysis software system), 
version 7.1. www.statsoft.com.
Tomás, F., X. Turón and J. romero. – 2005. effects of herbivores 
on a Posidonia oceanica seagrass meadow: importance of epi-
phytes. Mar. ecol. Prog. ser., 287: 115-125.
Tomasko, d. a. and B. e. Lapointe. – 1991. Productivity and 
biomass of Thalassia testudinum as related to water column 
nutrient availability and epiphyte levels: field observations and 
experimental studies. Mar. ecol. Prog. ser., 75: 9-17.
Tomasko, d.a., c.J. dawes and M.o. Hall. – 1996. The effects of 
anthropogenic nutrient enrichment on turtle grass (Thalassia 
testudinum) in sarasota Bay, Florida. estuaries, 19: 448-456.
Underwood, a.J. – 1997. experiments in ecology. Their logical de-
sign and interpretation using analysis of variance. cambridge 
University Press, cambridge.
Wear, d.J., M.J. sullivan, a.d. Moore and d.F. Millie. – 1999. ef-
fects of water-column enrichment on the production dynamics 
of three seagrass species and their epiphytic algae. Mar. ecol. 
Prog. ser., 179: 201-213.
Williams, s.L. and M.H. ruckelshaus. – 1993. effects of nitrogen 
availability and herbivory on eelgrass (Zostera marina) and 
epiphytes. ecology, 74: 904-918.
Young, e.B., P.s. Lavery, B. van elven, M.J. dring and J.a. Berges. 
– 2005. nitrate reductase activity in macroalgae and its vertical 
distribution in macroalgal epiphytes of seagrasses. Mar. ecol. 
Prog. ser., 288: 103-114.
scient. ed.: M.P. olivar.
received october 11, 2007. accepted March 5, 2008.
Published onlne July 4, 2008.
